Abstract: On-line solution of switching angles of Selective Harmonic Elimination (SHE) PWM inverter has been a subject of research since 70s. Recent research has suggested new online control techniques for microprocessor implementation of SHE PWM method such as regular sampled harmonic elimination, space vector techniques, Walsh function harmonic elimination. A method based on curve fitting has been proposed in this paper. The solution trajectories by Newton iteration method are approximately represented by using 7 th order polynomial. On-line computation of switching angle (α) is just evaluation of polynomial equation by substituting value of modulation index (m). The complete solutions for unipolar switching pattern to eliminate 3rd to 23rd harmonics in the VSI output using conventional technique and curve fitting technique has been given. The deviations of actual and approximate solutions are also presented along with corroborative experimental results on a 1ph, 230V, 5kVA IGBT based VSI controlled by TMS320LF2406, 16-bit fixed point DSP processor.
Introduction
SHE PWM was originally proposed by Patel and Hoft [2] . The SHE PWM inverters eliminate low order harmonics and operate at low switching frequency that result in reduced switching losses [3] . The SHE-PWM output waveform obtained from H-Bridge VSI consists of series of positive and negative pulses of constant amplitude but variable switching instances as shown in Figure1. The waveform has N switching instances per quarter cycle to eliminate first (N-1) odd harmonics from the inverter output. The switching angles α 1 , α 2 , α 3 , …..α N need to be calculated for given modulation index, m. The output waveform being odd symmetric dc and even harmonic components are equal to zero. The Fourier series of the three-level can be expressed as,
where
k is the harmonic order. N is the number of switching angles per quarter cycle. V dc is the amplitude of dc voltage source and α j is the j th switching angle which must satisfy the following condition 1 2 3 ... .. 2 j N π α α α α α < < < < <
From above, the non-linear SHE-PWM equations are, [6] . A relatively simple method based on curve fitting is proposed in this paper which is described in subsequent sections. 
Online control of SHE VSI
The approach taken here is to represent the solution trajectories with a polynomial equation in terms of m. By using polynomial regression method [7] , the approximate nth order polynomial can be expressed as, 
where m the polynomial order. The unknown coefficients C 0 , C 1 , …C n are calculated using least square fit which minimizes the sum of squares of the deviations of the data which in this case is the values of α corresponding to each m, from (3). The order of the polynomial equations representing each trajectory is determined comparing residuals for various fits. In this work a 7 th order polynomial is used to represent the α trajectories. In the present work, the SHE inverter output has 12 switching instants that eliminate 3rd to 23rd harmonics from the inverter output. The values of C 0 to C 7 are given in the Table 1 for typical values of α 1 , α 2 , α 3 .
Rests of the values are computed in the similar manner. The residual error for particular modulation index is shown in Figure3. 
Simulation Results
The performance appraisal carried out by simulating 1ph. 425V, 80kVAR STATCOM being the end application of the proposed method of on-line control. The STATCOM has HBridge VSI as shown in Figure 4 .
Various system parameters are listed in Table 2 . The block diagram of the simulation is shown in Figure 5 . The STATCOM considered here is a unit capacity of the parallel connected ones. The master controller decides target reactive power to be injected at PCC depending upon the demand. Each STATCOM unit has two control loops, DC bus voltage control loop and reactive power tracking loop [1] . DC bus voltage is maintained to 750V by closed loop control of phase shift angle, δ, between Vs and V o1 . Phase synchronization is by using a 1ph.
Phase Locked Loop. Reactive power tracking loop tracks the injected kVAR to a set value by on-line control of modulation index, m. The set value is sent by master controller. The VSI output is shown in Figure 6 and the coupling reactor current waveform is shown in Figure 7 . The step response of the system is shown in Figure 8 which indicates that the response time is less than 3 power cycles. 
Practical Implementation
The online control method has been implemented on laboratory prototype of 230V, 5kVAR STATCOM. The practical system parameters are given in Table 3 . 
Selection of passive parameters
The selection of the two passive elements, L ac ,C dc is mainly constrained by harmonic distortion of the STATCOM injected current at PCC at rated conditions and dc bus voltage ripple respectively. The constraint on the TDD of the STATCOM injected current at PCC is less than 15% and the allowable ripple in the dc bus voltage is less than 5%. The design formulae derived to calculate optimum values of L ac ,C dc are given as follows [8] , ( 1) cos( )
Description of the hardware
The on-line SHE VSI control logic is built around Texas instruments 16-bit DSP Processor TMS320LF2406. The device operates at 40MHz clock frequency. The SHE switching pulses and synchronising signal are generated with the help of two 16 bit timers (T3PWM and T4PWM). First timer generates SHE pulses and the other generates phase shifted logic signal synchronised with the PCC voltage. Figure 9 .
The STATCOM performance at rated conditions is depicted in Figure 10 and Figure 11 . The step response is shown in Figure 12 . The response time is approximately 3-4 cycles which can be further improved by using a faster DSP. Step response of 5kVAR STATCOM
Conclusion
The solution trajectories for solving SHE equations by conventional Newton iteration technique and curve fitting technique are in close agreement. The effectiveness of the method has been tested successfully both in simulation and hardware trial on a 5kVAR module. The step response time has been found to be less than 3 cycles. It could be further improved by using a processor of higher bit width and clock. Output frequency control is easily possible online adjustments of compare and period values timers used for SHE PWM.
